The objective of this study was to examine a monoclonal antibody-based immunohistochemical staining method for its efficacy in diagnosis of bovine virus diarrhea virus (BVDV)-induced abortion and neonatal calf death. This method was compared to viral isolation and immunofluorescence staining of frozen tissue sections. Tissues from 105 cases, 53 fetuses and 52 neonates, were tested by the 3 methods. There were significant numbers of both false negatives and false positives with the immunofluorescence method and significant numbers of false negatives with the viral isolation method. Of the methods tested, immunohistochemical staining using monoclonal antibody 15C5 performed best, differentiating 97% of positive and negative cases. These results indicated that immunohistochemical staining can be applied to improve the accuracy of BVDV diagnosis in cases of abortion and perinatal death.
Bovine viral diarrhea virus (BVDV) continues to be an important pathogen of cattle, despite the institution of control programs such as vaccination and the identification and elimination of persistently infected individuals. 1, 4, 8, 14 Acute BVDV infections usually result in transient, often subclinical, illness that may be associated with immunosuppression. 1, 14 In contrast, fatal mucosal disease is usually the outcome of persistent BVDV infection. 4 Recently, BVDVs isolated from acute infections have been implicated in outbreaks of hemorrhagic disease and mucosal disease-like syndromes in immunocompetent cattle. 2, 6, 13, 16 However, it is generally recognized that the greatest economic impact of BVDV infections is in producing reproductive dysfunctions. 8 Therefore, the diagnosis of BVDV-induced abortion and neonatal death is a major endeavor in diagnostic laboratories handling bovine submissions.
Traditionally, diagnosis of BVDV infection has relied on the demonstration of virus in tissues using fluorescent staining or virus isolation, alone or in concert. 1, 7, 8 Although molecular diagnostic methods such as hybridization and polymerase chain reaction have been developed for BVDV, these have not been widely applied in the routine diagnostic setting for a variety of reasons. 11, 15, 18 These techniques, although suited to leukocyte or serum samples, can become cumbersome due to the required RNA purification steps if applied to solid often autolytic tissues such as constitute the normal submissions in cases of abortion. It has been generally assumed that virus isolation remains the most sensitive and reliable method of identifying BVDV in the individual animal. 8 Recently, an immunohistochemical technique using a monoclonal antibody C15C 5 against the conserved gp48 of BVDV was developed and successfully applied to the diagnosis of acute and persistent BVDV infections using formalin-fixed paraffin-embedded tissue. 10 The purpose of this study was to directly compare the 3 techniques-virus isolation, fluorescent antibody staining, and immunohistochemical staining-for their efficacy in identifying BVDV in tissues from aborted fetuses and neonatal calf deaths.
Materials and methods
Case and tissue selection. The experimental design was a retrospective/prospective study of cases of suspect BVDVinduced bovine abortion and neonatal calf death. The tissues examined were cases retrieved from the computer database of the Western College of Veterinary Medicine (WCVM), from the 1991, 1992, and 1993 abortion and calving seasons. All case numbers were retrieved in which tissues were submitted during this time period and BVDV was suspected, and upon which the Diagnostic Virology Laboratory at WCVM had attempted viral isolation and immunofluorescence testing of frozen tissue sections.
Liver and kidney were examined by fluorescent antibody testing and virus isolation, because these tissues were invariably submitted to this routine service laboratory in cases of abortion. Submitting veterinarians generally requested that fetal tissue be tested for BVDV and bovine herpes virus-1; therefore, kidney and liver were considered, respectively, suitable for testing.
Immunohistochemical staining was conducted on formalin-fixed paraffin-embedded blocks of tissue from these cases that had been submitted for histological examination to the Pathology Department at WCVM. Blocks of tissue comprised multiple organs submitted by the practitioner and were not specifically prepared for BVDV immunohistochem-Controls for the specificity of the staining procedure inistry. The immunohistochemical stains were examined in-cluded serial sections from each tissue block concurrently dependently by 2 observers (KM and DMH). The persons stained using an identical procedure, but substituting an irexamining the slides were unaware of the immunofluores-relevant monoclonal antibody for the monoclonal antibody cence and viral isolation results when the tissues were ex-to the BVDV glycoprotein. Positive controls for the staining amined. In total, 105 cases were retrieved, 53 cases from procedure included concurrent staining of the suspect tissue aborted fetuses and 52 cases from neonatal calves. Cases were specimens with tissues from animals proven to have sucselected in reverse chronological order.
cumbed to BVDV-induced mucosal disease. Fluorescent antibody staining. Fluorescent antibody (FA) staining was performed essentially as previously described. 12 Approximately 1-cm 2 blocks of tissue were frozen in mounting medium at -20 C. Five-micron-thick cryosections were cut, affixed to microscope slides, and dried on a slide warmer for 30-60 min. Sections were fixed in acetone for 15 min at room temperature, dipped in methanol for 5-10 seconds, and air dried. Indirect fluorescent staining was performed using monoclonal antibody D89 20 (specific for gp53 of BVDV) diluted 1:800 in phosphate-buffered saline (PBS; pH 7.4) followed by fluorescein isothiocyante-conjugated goat antimouse IgG (H and L chain specific) a serum diluted 1:200 in PBS. Controls included the staining of serial sections of each block with an irrelevant monoclonal antibody in place of the BVDV-specific antibody. The reagents were routinely checked by performing FA tests on proven BVDV-positive tissues and also on smears of cells from BVDV-infected cultures. The stained tissues were examined using an ultraviolet microscope.
Data analysis. The number of cases in which BVDV antigens were detected by the immunoperoxidase test on formalin-fixed tissue specimens was compared to the numbers obtained by testing with the traditional techniques of viral isolation and indirect immunofluorescence on frozen tissues. Assumptions were made that cases were truly positive (test sensitivity 17 ) if reported positive by 2 or more of the tests and were truly negative (test specificity 17 ) if reported negative by 2 or more of the tests. These assumptions were used for calculation of the sensitivity and specificity of the immunohistochemical and other procedures.
Results
Virus isolation. Tissues were homogenized in plastic bags in a lab blender in PBS at approximately a 10% w/v suspension, treated with penicillin (2,000 i.u./ml) and streptomycin (2,000 µg/ml) and allowed to stand at 4 C for 1-7 hr. These suspensions were centrifuged at 2,000 x g to clarify and inoculated onto monolayers of embryonic bovine tracheal (EBT) cells (passage level 120) grown in 25-cm 2 flasks. EBT cell cultures were examined daily for 6 days for cytopathology. On day 6 or earlier if cytopathology became evident, the cells were scraped from the flasks with a plastic cell scraper to form a suspension and cytospins were prepared. The cytospins were dried on the slide warmer, fixed in acetone for 10 min, dipped in methanol for 5-10 sec, and air dried. Fluorescent antibody testing was performed as described for frozen tissue. Controls included cytospins prepared for BVDVinfected and uninoculated cell cultures. Previous studies with these EBT cells indicated that the frequency of BVDV isolation was not increased by multiple passage of similar diagnostic samples that were negative after 1 passage (G. R. Norman, unpublished data).
The results of immunohstochemical, immunofluorescent, and viral isolation testing of 105 cases of bovine abortion or neonatal calf death suspected to be associated with BVDV are shown in Table 1 . In total, 56 of the 105 cases (53%) were negative by all 3 techniques while 22 cases (21%) were positive by all 3 techniques. Overall, the 3 tests were in agreement in 78 of 105 (74%) cases. Although more and varied tissues were examined by immunohistochemistry than for FA staining, the results were not different if only kidney and liver were considered for both tests. Positive staining for BVDV gp48 in blocks of tissue examined using immunohistochemistry varied considerably with respect to the numbers and distribution of infected cells; however, smooth muscle cells in the tunica media of blood vessels were invariably infected in positive cases, and were therefore stained in all tissues examined (data not shown).
Immunohistochemical staining. Tissue sections were prepared from paraffin blocks of formalin-fixed tissue and stained for the presence of BVDV using the previously described immunohistochemical procedure adapted for a robotic slide stainer. 3, 9, 10 Briefly, serial sections from each tissue block were cut, affixed to slides coated with a tissue adhesive, digested with proteolytic enzymes to counteract the effects of the fixative on tissue and viral antigens, and treated to inactivate endogenous peroxidases. Duplicate slides were stained immunohistochemically for the gp48 antigen of BVDV using a monoclonal antibody 15C5 5 and an avidin-biotin complex immunoperoxidase method. 9,10
The viral isolation and immunohistochemical tests were highly specific in diagnosis of BVDV-induced bovine abortion or neonatal death. Assuming that all cases negative by 2 tests were truly negative, there were 70 true negative cases in this study. There were no cases in which viral isolation was positive in which 1 or the other tests were not also positive. This suggests that isolation was, as expected, highly specific (the calculated specificity was 70 of 70 cases or 100%). There were 2 tests positive by immunohistochemistry which were negative by both other tests. Consequently, the calculated specificity for the immunohistochemical assay was 68 of 70 cases (97%). Immunofluorescence staining, in contrast, was less specific than immunohistochemical staining or viral isolation: there were an additional 12 cases reported positive by immunoflu-orescence staining that were negative by both other tests. This implies that the specificity of the FA test is 58 of 70 cases (83%).
The immunohistochemical test showed the highest sensitivity of the 3 test methods. There was only 1 test positive by both viral isolation and FA staining that was negative by immunohistochemistry. If one assumes that all cases positive by 2 tests were truly positive, there were 35 true positive cases in this study. Consequently, the calculated sensitivity is 34 of 35 cases (97%) for the immunohistochemical test, 29 of 35 cases (83%) for viral isolation, and 27 of 35 cases (77%) for immunofluorescence staining.
Discussion
These results indicate that, although there is reasonable agreement among the 3 methods evaluated for BVDV detection in cases of bovine abortion and neonatal calf death, the most commonly used method, immunofluorescence staining of frozen tissue sections, appears to result in significant numbers of both false negatives and false positives (sensitivity 77%, specificity 83%). Viral isolation, by definition, is highly specific (100%), but results in significant numbers of false negatives (sensitivity 83%). Immunohistochemical staining on formalin-fixed tissues had the best overall performance: the specificity was high (97%), as was the sensitivity (97%).
The sensitivity of virus isolation is expected to be less than that for antibody-based detection, because virus isolation relies upon viable virus in tissues that may not be present, especially in cases of autolyzed fetuses. Surprisingly, the lowest sensitivity was obtained with the immunofluorescence test, which resulted in higher numbers of both false positives and false negatives. Several factors could account for this. Fluorescent antibody staining is inherently subjective in interpretation, even in the hands of experienced diagnosticians. This is compounded by the relatively poor definition of cells and tissues afforded by frozen sectioning of poorly preserved tissue. In addition, the immunohistochemical staining procedure uses proteolytic enzymes that may allow the recognition of viral antigens that are masked as a result of autolysis and therefore not detectable using the routine FA testing method.
This use of different monoclonal antibodies may have accounted for some of the disparity in results between the FA and immunohistochemical tests. Monoclonal antibody D89 reacts with >95% of type 1 16 BVDV isolates tested to date using cell smears and cryosections; 20 however the extent of reactivity with type 2 BVDV isolates is currently not known (H. Minocha, personal communication, 1995). This reagent was used Table 1 . Testing of 105 cases of bovine abortion or neonatal death for the presence of bovine virus diarrhea virus by immunohistochemistry, fluorescent antibody staining, and virus isolation.* in the original diagnosis of these cases by FA and in confirmation of virus isolations prior to the implementation of immunohistochemistry as a means of BVDV diagnosis. The reactivity of this antibody is abrogated by formalin fixation of the virus and, therefore, it cannot be used effectively in immunohistochemical staining of routinely processed paraffin-embedded tissue 10 (D. Haines, unpublished data). Monoclonal antibody 15C5 reacts with all BVDV isolates tested, 5,10 including type 2 isolates (J. Ellis, unpublished data) and is one of the few monoclonal antibodies tested that reacts with BVDV in formalin-fixed paraffinembedded tissue. 10 Although a narrower range of reactivity with BVDV for monoclonal antibody D89 may have resulted in some false negatives, it could not have accounted for the high number of false positives obtained with the FA test using this reagent on frozen sections.
The results of this study confirm and extend the results of a previous study in which the monoclonal antibody 15C5 was used to immunohistochemically identify BVDV in cases of mucosal disease. 10 This particular monoclonal antibody detects a fixation-resistant epitope on a 48-kDa glycoprotein that is highly conserved among BVDV isolates, including type 1 and type 2 isolates, and is also conserved among all pestiviruses tested. 19 Although, to our knowledge, it has not been shown that this epitope is necessary for virus viability, the observed reactivity pattern of this reagent minimizes the likelihood that false negative tests will result from its usage as BVDV continues to evolve. 13, 16 The protocol for BVDV diagnosis at WCVM and many other veterinary diagnostic laboratories has been, firstly, immunofluorescent examination of frozen sections of tissue from the case followed by attempted virus isolation in a proportion of cases. 7,8 Although a large number of aborted fetuses or neonatal calves are examined annually for BVDV by FA testing of tissues, in the majority of cases no evidence of virus is seen, and the tissues are not further examined by viral isolation. Our results indicate that immunofluorescence staining is the least sensitive and specific of the 3 di-6. Copari Our results support the conclusion that conventional essary in individual cases when the diagnostician susnects the involvement of viruses other than those for 11.
